We investigated the effects of water supplemented with Saccharicterpenin and photosynthetic bacteria (PSB) on egg production, egg quality, serum immunoglobulins, and digestive enzyme activities of Jinyun ducks. A total of 400 healthy Jinyun ducks (all aged 58 wk) were randomly allotted to five treatments, with four replicates per treatment and 20 ducks in each replicate. The animals were fed a standard diet for 15 d and the experimental diet for 55 d. Experimental design is as follows: negative-control group C1 was given no supplementation, and control group 2 was given pool water (PW) with added PSB but not Saccharicterpenin. Test groups T1, T2, and T3 were given the same amount of PSB in the PW and varying levels of Saccharicterpenin in drinking water. Results suggest that PSB combined with Saccharicterpenin had beneficial effects on the average egg weight, feed to egg ratio, laying rate, and amylase activity, but some bad effects on the yolk color score. Additionally, PSB alone can increase the average egg weight.
Introduction
Photosynthetic bacteria (PSB) are the oldest prokaryotes in the world, which are widely distributed and have adapted to a broad range of environments.
The majority of PSB can use organic acids, alcohols, and other organic materials as the electron donor and carbon source for photosynthesis. In addition, a few can tolerate water with high concentrations of organic-substance contamination and can decompose the organic contaminants in the water (Mekjinda and Ritchie 2015; Zhou et al. 2014) .
Saccharicterpenin was extracted from plants of the family Theaceae, which contain triterpenoid saponins and polysaccharides. Extraction was performed using dynamic countercurrent extraction and chromato graphic separation technology, in cooperation with Zhejiang University and Hangzhou Tangtian Science and Technology Limited Company, under a subsidy from the National High Technology Research and Development Program (863 Programs, China) . This technology has been widely used and has obtained many patents all over the world, including in the United States of America, Europe, Japan, and China.
According to the Ministry of Agriculture of the People's Republic of China, the PSB Rhodopseudomonas palustris and Saccharicterpenin (Approved Feed Additives 2008) can be used as feed additives, leading to widespread concern and research. Saccharicterpenin is a new animal-feed additive that is added to many different animal species' basal diet to study the effects on various aspects of production. Saccharicterpenin is well known for its positive effects, such as increasing resistance to disease (Bao et al. 2001; Yuan et al. 2002; Sun et al. 2009; Huang et al. 2011a ), promoting growth Jin and Li 2007; Tang et al. 2007; Zhang and Zhan 2007) , improving the feed conversion ratio (Liang et al. 2005) , improving the efficiency of the digestive systems (Hu et al. 2006; Huang et al. 2011b) , increasing egg-laying rate (Jiang et al. 2001) , improving meat quality (Yang 2007) , and protecting the reproductive system from damage, all without contaminating the environment; it is efficient and environmentally friendly.
Recently, treatment of wastewater using PSB has received increasing attention (Zhou et al. 2014) . Although much has been learned, studies have mainly focused on wastewater treatment systems. These systems require human and financial investments because of the large area occupied, but the real application scope is rather limited, so the wastewater treatment researches based on these systems might not be worth. With improvements in animal husbandry, the level of organic matter in water is increasing. In particular, duck breeding largely depends on water environments, resulting in a large amount of feces discharged directly into the water. Several problems can be solved if wastewater purification occurs at the same time during the animal rearing.
We investigated the effects of supplementing pool water (PW) with PSB and drinking water (DW) with Saccharicterpenin on egg production and egg quality of Jinyun ducks. Further research is necessary to study the effects of PSB in PW on duck breeding in livestock farming. (China, 1988) and the Standards for the administration of experimental practices (Jiangsu, China, 2008) .
Materials and Methods

Feeding management
Studies were conducted from 1 Aug. 2014 to 10 Oct. 2014, and included 15 d for prefed and 54 d for the fed. Food and water were provided twice a day, at 0800 and 1500. The composition and nutrient analysis of the basal diet are shown in Table 1 .
To ensure the ducks could feed ad libitum throughout the experimental phase, the amount of feed provided was adjusted daily according to the amount of feed intake during the prefed period and the previous day's feed intake during the fed period. The pens were lit 24 h a day, with natural light during the day and artificial light from 1700 to 0800. All the 400 ducks survived till the end of the experimental period.
PSB was added once a week to the PW, and the amount added was calculated based on the size of the cement pool and the desired concentration. The amount of Saccharicterpenin was added to DW twice a day, and the amount was calculated from the specifications of the drinker and the desired concentration.
Sampling and handling
Once the experiment was complete, all ducks were fasted for 12 h (water was still provided). Blood was collected in anticoagulant tubes by jugular vein puncture from two randomly selected ducks in each replicates using a disposable vacutainer tube without anticoagulants. After concentrations (3000g for 15 min at 4°C), serum samples were separated and stored at −20°C and later analyzed for concentrations of immunoglobulins (IgG, IgA, and IgM). The contents of the duodenum were collected and stored at −80°C and later analyzed for digestive enzyme activity. Six eggs, each near the average in weight, were randomly selected from each replicate and later analyzed for egg quality (eggshell thickness, egg shape index, eggshell strength, albumen height, Haugh unit, and relative yolk to egg ratio); this was completed within 12 h of sampling. The other three eggs, each near the average weight, were randomly selected at the end of this study and later analyzed for the content of cholesterol and crude fat in eggs.
Measurement methods
Egg production performance
Daily feed provided, actual feed intake, number of eggs laid, and individual egg weight were recorded. Average daily feed intake, average egg weight, and feed to egg ratio were calculated at the end of the experiment.
Egg quality
The egg shape index was measured (in mm) with a caliper, and vertical diameter diameter −1 was calculated to determine the shape index. Eggshell thickness was measured with a digital micrometer (karl deut sch MODEL-1061); measurements at the blunt and sharp ends and the middle of egg were averaged to determine the overall eggshell thickness. Eggshell strength was measured using an eggshell force gauge (MODEL-T1). Albumen height, yolk color, and Haugh units were measured with an automatic egg analyzer (Egg Multi Tester, EMT-5200). Egg weight and yolk weight were measured with an electronic balance (Mettler Toledo pL203-IC).
Cholesterol and crude fat content in eggs
Three near-average-weight eggs from each replicate were randomly selected and later analyzed for the content of cholesterol and crude fat in eggs. An ultravioletvisible spectrophotometer 210 Plus was used to measure the cholesterol content, and an Automatic Soxdahl Solvant Extractor (FOSS2055) was used to measure the crude fat content.
Serum immunoglobulins
Serum IgA, IgM, and IgG contents were detected with a Duck Immunoglobulin A (IgA) ELISA kit, a Duck Immunoglobulin M (IgM) ELISA kit, and a Duck Immunoglobulin G (IgG) ELISA kit, respectively, flowing the manufacturer's instruction. The kits were purchased from Nanjing Jiancheng Bioengineering Institute.
Digestive enzyme activity
Duodenum contents were collected in sterilized microtubes and stored at −70°C until analysis. The samples were homogenized with a phosphate buffer (at a ratio of 1:9) in an ice water bath and centrifuged at 2500g for 10 min, and the supernatant was collected and diluted for digestive enzyme activity analysis. Trypsin, Lipase, and amylase activities were detected with a Trypsin Assay Kit, Lipase Assay Kit, and α-Amylase Assay Kit, respectively, following the manufacturer's instruction. The kits were purchased from Nanjing Jiancheng Bioengineering Institute. 
Statistical Analyses
Data generated in the present study were subjected to statistical analysis using one-way ANOVA of SPSS17.0 in a randomized complete block design. All data were reported as mean ± SEM. When significant differences were identified among treatments, Duncan's test was used for multiple comparisons. The replicate was used as the experimental unit for the analysis of egg production, egg quality, and the cholesterol and crude fat contents. P-values < 0.05 were considered significant.
Results And Discussion
Egg production performance
There was no significant difference in the average daily feed intake among the treatments (P > 0.05) ( Table 2) .
Compared to negative-control group C1, the average egg-weight increased by 2.23% (P < 0.01), 0.91% (P < 0.01), 2.41% (P < 0.01), and 1.44% (P < 0.01) in groups C2, T1, T2, and T3 respectively. The feed to egg ratio decreased by 4.53% (P < 0.05) in group T1 and 5.58% (P < 0.01) in group T2. The laying rate increased by 3.08% (P < 0.05) in group T1 and 3.44% (P < 0.05) in group T2. These groups had supplementation with PSB in PW alone or in combination with Saccharicterpenin in DW (Table 2) .
Moreover, when compared with group C2, the average egg-weight increased by 1.3% (P < 0.01) in group T1 and 0.78% (P < 0.01) in group T3; the laying rate increased by 5.27% (P < 0.01), 5.65% (P < 0.01), and 4.21% (P < 0.01) in groups T1, T2, and T3 respectively. These groups all had supplementation with PSB in PW and varying levels of Saccharicterpenin in DW (Table 2) . No significant differences were found among the treatments in the average daily feed intake in our study. Jin and Li (2007) studied the effects of Saccharicterpenin on chicken growth. But their studies showed that Saccharicterpenin supplementation can decrease the daily feed intake and the feed to weight gain ratio. The differences might be due to the different production purposes of different species. In a similar study, Jiang et al. (2001) investigated the effects of Saccharicterpenin on royal chicken growth. Their studies showed that Saccharicterpenin supplementation can increase the feed intake. The difference might be due to the different ages of different species.
In this study, the results also suggested that average egg weight increases when PW is supplemented with PSB, with or without Saccharicterpenin added to DW; however, no other article has reported this before.
The feed to egg ratio decreased and laying rate increased, but not significantly, when supplementing PW with PSB (group C2). The egg-laying rate significantly increased (P < 0.05) and feed to egg ratio decreased (P < 0.05) when both PSB in PW and Saccharicterpenin in DW were used (T1, T2) when compared with the control group C1. These findings mean that the effect of the combination was greater than that of PSB alone (C2). The results were consistent with Zhang et al. (2007) 's study. Their findings showed that Saccharicterpenin can significantly improve the feed conversion ratio of Cyprinus carpio var. color.
Overall, it appears that treatment with PSB in PW alone or with Saccharicterpenin in DW has some beneficial effects on duck egg production.
Egg quality
Eggshell thickness, egg shape index, eggshell strength, albumen height, Haugh units, and relative yolk to egg ratio showed no significant difference among the treatments (P > 0.05) ( Table 3) .
Compared to group C1, the average egg weight increased by 3.7% (P < 0.05) in group T2 and 4.53% (P < 0.01) in group T3; the yolk color score decreased by 2.42% (P < 0.05) in group T2 and 1.76% (P > 0.05) in group T3; and the average yolk weight increased by 5.71% (P < 0.05) in group T3 (Table 3) .
In addition, when compared with group C2, the average egg weight increased by 3.82% (P < 0.05) in group T3 and the yolk color score decreased by 2.06% (P < 0.05) in group T2 (Table 3) .
Yolk color scores tended to decrease when PW was supplemented with PSB with or without Saccharicterpenin in DW. This means that PSB and Saccharicterpenin had a negative effect on the yolk Note: Values are expressed as mean ± SEM for four biological replicates. Values with different lowercased and uppercased letters in the same row differ significantly (P < 0.05 and P < 0.01, respectively).
color. This phenomenon was not expected; no papers have reported this before and an explanation will require further study.
The average egg weight and the albumen height were measured and used to calculate the Haugh unit. The equation is Haugh unit = 100 × log (H − 1.7W 0.37 + 7.6), where H is the albumen height and W is the egg weight. Although egg weight showed an increasing trend with supplementation of PSB in PW alone or with Saccharicterpenin in DW, albumen height and the Haugh unit showed no significant differences among the test groups. These results were similar to Jiang et al.'s (2001) study suggested that Saccharicterpenin had little effect on laying rate, Haugh unit, or egg weight of royal chickens.
The relative yolk to egg ratio showed no significant differences among groups because of the simultaneous changes of the egg weight and the yolk.
This study also demonstrated that PSB treatment in PW alone or combined with Saccharicterpenin treatment in DW had little effect on eggshell thickness, egg shape index, or eggshell strength.
Cholesterol and crude fat content in eggs
There was no significant difference (P > 0.05) in levels of cholesterol and crude fat in eggs among the treatments (Table 4) .
There is a lot of research focusing on methods to reduce the levels of cholesterol in eggs and muscle because cholesterol is harmful our health; this is especially true for older people. This study suggested that supplementation with PSB in PW alone or with Saccharicterpenin in DW had little effect on the content of cholesterol and crude fat in Jinyun duck eggs. Zhang et al. (2005) studied the effects of Saccharicterpenin on the contents of cholesterol in muscle of Colossoma sp. Their findings suggested that Saccharicterpenin can reduce the levels of cholesterol. No previous work has studied the combined effects of PSB and Saccharicterpenin treatment on cholesterol, including cholesterol in eggs. Unfortunately, treatment with PSB in PW alone or with Saccharicterpenin in DW had little effect on cholesterol in eggs, which was very different from the effect of Saccharicterpenin on muscle.
Serum Immunoglobulins
The concentrations of serum IgA, IgG, and IgM in groups C2, T1, T2, and T3 were all greater (except the levels of serum IgG in group T3 and IgA in group T1) than those of group C1 but not significantly (P > 0.05) ( Table 5 ).
The concentrations of serum IgA, IgG, and IgM increased, but not significantly, compared to group C1 when PSB, with or without Saccharicterpenin in DW, was supplemented in PW; high concentrations of Saccharicterpenin in DW had some negative effects on the concentrations of serum IgG and IgM of the ducks in group T3. This conclusion was consistent with Studies on the effects of PSB on water environments mostly focused on aquatic research and wastewater treatment, while few focused on the production performance of livestock and poultry. To our knowledge, this study is the first to show that the PSB treatment had some beneficial effects on the immune system of poultry.
Digestive Enzyme Activity In Duodenum
No significant differences were found among treatments (P > 0.05) in the concentrations of protein, trypsin, and lipase in duodenum content samples (Table 6 ).
Compared to group C1, amylase activity in the duodenum increased by 80.09% (P > 0.05), 250.42% (P < 0.01), and 172.88% (P < 0.05) in groups T1, T2, and T3, respectively. Moreover, amylase activity in the duodenum increased by 123.68% (P > 0.05), 335.26% (P < 0.01) and 238.95% (P < 0.05) in groups T1, T2, and T3, respectively, when compared with group C2 (Table 6 ).
This study demonstrated that PSB and Saccharicterpenin treatments enhanced the activity of amylase. Starch is the main component of animal feed, so the improved production performance may be due to the enhanced amylase activities caused by supplementing PW with PSB and DW with Saccharicterpenin. Hu et al. (2006) studied the effects of Saccharicterpenin on the activities of digestive enzymes in intestine and liver.
Their findings also suggested that Saccharicterpenin can enhance the activities of protease, amylase, and lipase. In addition, our studies showed that PSB alone treatment had little effect on the activities of protease, amylase, and lipase in duodenum.
Conclusion
PSB alone or combined with Saccharicterpenin treatment, significantly increased the average egg weight in Jinyun ducks; further, PSB combined with Saccharicterpenin treatment significantly decreased the feed to egg ratio, improved the laying rate, decreased the average yolk color score, and significantly enhanced the amylase activities. Note: Values are expressed as mean ± SEM for four ducks. Note: Values are expressed as mean ± SEM for four ducks. Values with different lowercased and uppercased letters in the same row differ significantly (P < 0.05 and P < 0.01, respectively).
